Abstract: Large-scale SiO 2 hollow nanoparticleswere synthesized by a sol-gel method. The 22 composition, morphology and chemical bonding information of SiO 2 hollow nanoparticles were 23 studied by X-ray absorption near edge structure (XANES) and scanning transmission X-ray 24 microscopy (STXM). XANES at the Si L-edge and K-edge reveal the characteristics of hollow 25 nanoparticles, which are essentially amorphous SiO 2 with a slightly longer Si-O bond than SiO 2 26 nanoparticles on averageand deficiencies in oxygen. Individual SiO 2 hollow spheres were also 27 examined using STXM, which provides spectro-microscopic information as well asthe absolute 28 thicknessof the sample. 29
were acquired for the same sampling region at the O K-edge. STXM data was analyzed using the 75 aXis2000 software package (http://unicorn.mcmaster.ca/aXis2000.html), which allows for detailed 76 interactive processing of the images and fitting of the X-ray absorption spectra. More details of the 77 specimen preparation and STXM measurement can be found elsewhere.
14 The XANES spectra for a 78 large area of the specimen at the Si L 3,2 -edge and L 1 -edge were recorded at the Variable Line Spacing 79
Plane Grating Monochromator(VLS-PGM) beamlinewhich provides photons with an energy range from 80 5.5 to 250 eV. 15 And the XANES spectra attheSi K-edge and O K-edge were recorded at the Spherical 81
Grating Monochromator(SGM) beamline which provides energy range from 250 to 2000 eV with 82 energy resolution of 10,000. 16 
83
It should be noted that XANES has the unique advantage of probing both the surface and the bulk 84 properties of the specimens by measuring the total electron yield (TEY) and the fluorescence yield (FY), 85 respectively, taking advantage of the different attenuation length(or sampling depth) of low kineticD r a f t 5 being measured), which reduces the fluorescence signal reaching the detector and the FY spectrum will 93 be broadened and in the most severe case, inverted(partially or totally).contrast). The average diameter is 60 nm and the average thickness of the shell is 6 nm. One SiO 2 hNP 98 appears to exhibit a double shell (marked by blue dashed line in Figure 1 . 18 The average thickness of the hNP shell is determined to be about 17-23 nm (± 10%). Comparing 118 the diameter and shell thickness of theSiO 2 hNP, it is found that its diameter is about 10 times larger 119 than its shell thickness, which is consistent with the TEM results. 120
The Si L-edge XANES spectra of SiO 2 hNP are shown in Figure 3together with standard. Figure 3a  121 shows the Si L 3,2 -edge XANES (recorded in FY mode) of the SiO 2 hNP and NP. The spectrum of silicon 122 wafer covered with a native SiO 2 layer was used as standard for comparison. The native SiO 2 layer 123 formed in ambient is thin for FY measurement with little self-absorption(thinner than the fluorescence 124 X-ray attenuation length), thus the elemental silicon underneath will also be detected. The Si L 3,2 -edge 125
FY of the standard sample shows signal coming from bulk silicon of which the edge threshold locates at 126 99 eV in agreement with the X-ray data booklet, and from the surface native oxide which is 127 amorphous. 19 The Si L 3,2 -edge FY spectra of SiO 2 hNP at first glance looks similar to that of SiO 2 NP; 128 however, close examination revealsnoticeable difference. Let us first look at the doubletat 105.5 and 129 The suppression of WL intensity and broadening of the SiO 2 NP XANES in FY is mainly due to the 166 thickness effect (saturation, the attenuation length of the fluorescence X-ray is < 100 nm at the Si L 1 -167 edge) thus the fluorescence signal is attenuated more significantlyin SiO 2 NP than SiO 2 hNP, resulting in 168 a less intense WL.It should also be note that the thickness effect is far more sever at the Si L 1 edge than 169 at the K-edge due to the much softer fluorescence X-ray in the former. 170
D
The SGM beamline with an incident photon energy range of 250 to 2000 eV is a powerful facility to 171 study surface and the inner region of SiO 2 hNP at the Si K-edge for a large area of the specimen. Figure  172 4a and 4b shows Si K-edge TEY and FY spectra of SiO 2 NP and SiO 2 hNP respectively. From Figure 4a , 173
we can see that the Si K-edge TEY spectra of SiO 2 hNP is similar to that of SiO 2 NP. It is expected since 174 TEY signals (no saturation effect) are generally surface sensitive and both samples are SiO 2 . The WL in 175 the FY XANES of SiO 2 NP however is noticeably broadened and suppressed compared to the WL in its 176
TEY.This phenomenon is more obvious in SiO 2 NP than SiO 2 hNP. The vertical color bar tracks the thickness (unit: nm). 268 72x61mm (300 x 300 DPI)
